There are a great number of studies about Brazilian scorpions. However, little is known about the venom of scorpions of northern Brazil, mainly about Tityus obscurus, which is responsible for the most number of accidents in the Amazon. Thus, this study aimed to evaluate some pharmacological effects of T. obscurus venom in rats and mice. In rats, the venom (10 mg/kg i.p.) caused hemorrhagic patches in the lung parenchyma but did not lead to pulmonary edema. There was a decrease in general activity, observed in the activity box after venom injection. The venom did not induce changes in the occurrence and intensity of experimentally induced convulsions, nor did it cause hippocampal neuronal loss. In mice, the LD 50 obtained was 3.13 mg/kg (i.p.). Different doses of the venom (0.2; 1; 5; 10; 15 mg/30 mL per hind paw) induced edematogenic and moderate nociceptive activity in mice. The Tiyus serrulatus venom used as comparison caused more intense symptomatology in mice. Comparing to the venom of other Tityus scorpions of medical importance, that have convulsant and intense nociceptive effects and cause lung edema, as described in the literature, we can conclude that the venom of T. obscurus probably has different characteristics.
Introduction
Scorpions are widely distributed in the world, living in almost all biomes. They are classified into 16 to 19 families (Prendini and Wheeler, 2005; Sharma et al., 2015; Stockman, 2015; Stockman and Ythier, 2010) . However, only 25 species from the family Buthidae are medically important, where they are responsible for envenomation cases.
In Brazil, Tityus serrulatus, T. bahiensis, T. stigmurus and T. obscurus are the main dangerous scorpions (Reckziegel and Pinto, 2014) . In 2015, there were over 50,000 cases of scorpionism and 77 deaths (SINAN, 2015) .
In the Amazon, greatest numbers of accidents are due to the sting of T. obscurus (Pardal et al., 2003) . T. obscurus is known as the black scorpion because of its dark coloration in adulthood. However, when young, it has a pigmented body with light and dark spots, where it is confused with other species of scorpions found in the same region (Lourenço, 2002a (Lourenço, , 2002b . According to Lourenço and Leguin (2008) , Scorpio (Atreus) obscurus Gervais, 1843 is now known as the species T. obscurus, name which is currently valid and considered in this work. These authors conducted a detailed study of all morphological characteristics of the original type material which confirmed that this species belongs to the genus Tityus. They verified the position of T. obscurus as a senior synonym of both T. paraensis Kraepelin, 1896 and T. cambridgei Pocock, 1897 (Pardal et al., 2014; Torrez et al., 2015) .
The symptoms frequently observed after this scorpion sting are local and radiating pain, paresthesia, edema, erythema, sweating, piloerection and burning, besides minor systemic manifestations such as headache, agitation tremors, prostration (Pardal et al., 2014) .
In Western Par a, Brazil, envenomation by T. obscurus is characterized by local effects such as pain and paresthesia. However, one predominant neurological manifestation which includes myoclonus, difficult ambulation and strong muscular contraction, referred to by patients as an "electric shock in the body". This symptom is not described in other regions of the Amazon, in accidents caused by the same scorpion species (Pardal et al., 2003 (Pardal et al., , 2014 .
Several studies describe the biochemical characterization of the toxins present in this venom, especially those that act on sodium and potassium channels, but little is known about the pharmacological characterization of T. obscurus venom (Batista et al., 2000 (Batista et al., , 2002a (Batista et al., , 2002b Guerrero-Vargas et al., 2012; Murgia et al., 2004) .
Studies of biological and/or pharmacological activities of the whole venom or toxins in the venom will contribute to a better understanding of the pathophysiology of envenomation caused by the Amazon black scorpion and are considered highly relevant. Thus, the present study aimed to characterize the symptoms and behavioral effects of the crude venom of the T. obscurus scorpion in rats and mice.
Materials and methods

Animals
Male Swiss mice (18e20 g) and male Wistar rats (230e260 g) were used. These rodents were kept under standard vivarium conditions with free access to chow and water, housed under controlled temperature (20 ± 2 C) and maintained on a 12/12 h light-dark cycle. All the experimental procedures were conducted with prior permission of the Institution's Ethics Committee for Experiments on Animals (Protocols number 679/09 and 769/10). The SISBIO/IBAMA provided animal collection permission (21483-2 and 20158-1), and the Council of Genetic Heritage Management provided authorization of access to genetic resources (CGEN-010803/2013-0).
Scorpion venoms
The scorpions T. obscurus were collected in the Amazon region, in Santar em and Belterra municipalities in Par a State. The animals were maintained in captivity in the arthropod vivarium of the Butantan Institute. T. serrulatus venom was supplied by the Venom Commission of the Butantan Institute. Both venoms were obtained by electrical stimulation of the telson. For experiments conducted in rats, lyophilized venom of T. obscurus scorpion diluted in 1.46% NaCl (concentration required to complete dilution of venom) was used. For experiments with mice, non-lyophilized T. serrulatus and T. obscurus venoms were diluted with PBS (pH 7.4) and centrifuged. The supernatant was aliquoted and stored at À20 C until use. The protein was quantified by the bicinchoninic acid method (Smith et al., 1985) , using bovine serum albumin (BSA) as the standard (Sigma-Aldrich, St. Louis, MO, USA).
Experimental procedures
Symptomatology and behavioral effects of T. obscurus scorpion venom
Rats were divided into six experimental groups (n ¼ 5). A control group was injected with 1.46% NaCl intraperitoneally (i.p.). The other five groups were injected i.p. with the venom diluted in NaCl solution (1.46%) at doses of 0.5, 2, 5, 10 and 15 mg/kg. The injected volume was 0.1 mL/100 g of body weight of the animal. After injection, each animal was placed individually in transparent polyethylene boxes. The behavior and the symptoms of intoxication induced by the venom were observed and quantified within 6 h.
The 10 mg/kg dose of T. obscurus venom was chosen for all other experiments performed with rats because the main symptoms of the envenomation occurred at this dose.
Evaluation of the effects of the T. obscurus venom on lungs
Rats were divided into six groups: two injected with NaCl solution and four injected with T. obscurus venom (10 mg/kg) i.p. (n ¼ 5). After injection, at intervals of 1 or 12 h for control groups and 1, 4, 6 and 12 h for experimental groups, the animals were anaesthetized in a CO 2 chamber and sacrificed by cervical vessels section for lung removal. The lungs were immediately weighed and the lung weight index (index ¼ lung weight X 100/body weight) was calculated to determine the presence or absence of pulmonary edema (Sandoval and Dorce, 1993a) .
For histological analyses, we used the lungs of the animals of the experiment in Section 2.3.1., which were injected with 10 mg/kg venom or NaCl solution. The animals were anaesthetized in a CO 2 chamber, perfused with formalin and the lungs were removed. They were fixed in formalin for seven days, dehydrated with ethanol, cleared with xylene and embedded in Paraplast were stained with hematoxylin-eosin and examined under a light microscope (40Â objective). Evaluation was performed by morphological comparison of lung sections between the experimental animals and the control group.
Effects of T. obscurus venom on general activity in the activity box
The two groups of rats were injected with NaCl solution or 10 mg/kg venom. The animals of one experimental group and one control group were tested alternately for general activity 5 min after injection and two other groups were analyzed 1 h after injection. The animals were observed for general activity in an activity box. This apparatus consists of a cage with two sensor groups, each one connected to a counter, where one measures only locomotor activity and the other measures general activity (horizontal locomotion and other movements) as described by Dorce et al. (2010) . Animals of each group were placed individually in the activity box and observed for 10 min. After each animal observation, the box was cleaned with a 5% alcohol solution to prevent smell interferences with the next animal.
2.3.4. Evaluation of the effects of T. obscurus venom on seizure activity induced by pentylenetetrazol or picrotoxin
The effects of T. obscurus venom on seizure events were determined in rat models of epilepsy using the convulsants pentylenetetrazol (PTZ, 50 mg/kg i.p.) and picrotoxin (PTX, 3.5 mg/kg injected subcutaneously). The doses used were determined in our laboratory from previous tests based on literature data (Sandoval and Dorce, 1993b) and are the ones that cause seizures in about half of animals injected.
Groups of rats (n ¼ 10) received NaCl solution þ PTZ, 10 mg/kg venom þ PTZ, NaCl solution þ PTX, or venom (10 mg/kg) þ PTX. So that the peaks of action of the venom (about 1 h) and convulsant drugs (10e15 min) would coincide, venom or NaCl solution was injected 50 min before the convulsants. After injection, each rat was placed individually in a polyethylene cage for behavioral observation. The behavioral responses were recorded every 10 min for 2 h. Seizure intensity was determined using a modified scores scale based on the scale of Racine (1972) . Briefly, the seizure parameters are: 0, normal activity; 1, immobility; 2, automatisms of the face; 3, tremor or myoclonus of the body; 4, body spasms; 5, clonus of the forelimbs; 6, clonus of the hindlimbs; 7, tonus; 8, barrel turning; and 9, rearing and fall. At the end of the observation period, the percentage of animals with a given score was quantified.
Histological analysis of the hippocampus of rats injected with T. obscurus scorpion venom
Seven days after the injection, the time required to observation of the presence or absence of neuronal damage in the hippocampus, all the rats used in experiment 2.3.1 were anaesthetized in a CO 2 chamber, perfused and had their brains removed for histopathological analyzes as previously described by Nencioni et al. (2000) .
For quantification of neuronal cells of the CA1, CA3 and CA4 regions of the right and left hippocampus, the number of normal cells was determined by summing the number of cells observed in each hippocampal area, where only cells showing normal morphological characteristics were counted. These normal cells showed a clear nucleus and nucleolus while neurons with pyknotic nuclei were considered damaged.
Lethal activity of T. obscurus venom
Mice (n ¼ 6) were injected i.p. with increasing doses of T. obscurus (30, 45, 60, 75 and 90 mg) or T. serrulatus (5, 10, 15, 20 and 30 mg) venom diluted in 500 mL of phosphate-buffered saline, pH 7.4
(PBS) or PBS (same volume; negative control). Mortality from T. obscurus or T. serrulatus venom injection was determined after 48 h and used for calculating the median lethal dose (LD 50 ) and its 95% confidence interval (Finney, 1971) . The envenomatiom symptoms were observed until 6 h after injection.
Edematogenic activity induced by T. obscurus and T. serrulatus venoms
Tityus obscurus and T. serrulatus venoms (0.2, 1, 5, 10 and 15 mg/ 30 mL) were diluted in PBS and injected into the right hind paw of mice (n ¼ 6). Mice injected only with PBS (30 mL) were used as negative controls. The swelling of animal's paw volume (mL) was measured at different time intervals (0.25, 0.5, 1, 2, 4 and 24 h) by plesthysmography (7140 Plethysmometer, Ugo Basile, IT). The injected paw was immersed up to the tibio-tarsal articulation. Edema was expressed by the difference between values obtained in paw volume displacement after injection of the venoms or PBS (V f ) relative to the previous injection volume (V 0 ), as follows: paw volume increase (mL) ¼ V f e V 0.
Nociception induced by T. obscurus and T. serrulatus venoms
Different doses (0.2, 1, 5, 10 and 15 mg/30 mL) of the T. obscurus and T. serrulatus venoms diluted in PBS were injected into the right hind paw of mice (n ¼ 6). Mice injected only with PBS (30 mL) were used as negative control. After injection, animals were individually placed under glass funnels upon a mirror to facilitate the observation of their reaction. Before starting the experiment, the mice were exposed to the test environment for 10 min. Nociceptive activity was measured by the time that the animal spent licking or biting the paw injected with venom. The evaluation was performed for 30 min (Hunskaar et al., 1985) .
Statistical analysis
The Student t-test was used for the general activity studies and effects induced by venom on the lung removed 12 h after injection. One-way ANOVA followed by the Tukey test was used to evaluate the results of the effects of the venom on the lungs removed 1, 4 or 6 h after injection and histological studies of the hippocampus. Edematogenic and nociceptive activities were evaluated by twoway ANOVA followed by the Tukey test. The influence of the venom on seizures induced by pentylenetetrazol and picrotoxin was evaluated by Fisher's test. Results were expressed as mean ± SEM and changes were considered significant when p < 0.05.
Results
Symptoms of intoxication and behavioral effects of T. obscurus venom in rats
The envenoming signs of T. obscurus venom appeared about 30 min after injection, and their intensity increased with dose as described in Table 1 . The peak of most systemic effects occurred 1 h after injection. Most of the symptoms disappeared between 3 and 4 h after envenomation in more than 50 percent of the animals, except for respiratory difficulty, which lasted up to 6 h after injection. Although the systemic behavioral effects were more intense at higher doses, none of the animals died.
Evaluation of the effects of T. obscurus venom on lungs in rats
T. obscurus venom did not induce pulmonary edema in any group of animals (Table 2 ). However, the macroscopic morphological analysis of the lungs revealed the presence of hemorrhagic patches in the parenchyma and pleural regions induced by the dose of 10 mg/kg (Fig. 1) . In the microscopic histological analysis (Fig. 1) , extravasation of blood red cells in the pulmonary parenchyma region were observed. These changes were seen in the lung tissue of three animals that received the dose of 10 mg/kg (n ¼ 5), while the animals of the control group showed no microscopic or macroscopic changes.
Evaluation of the effects of T. obscurus venom on general activity of rats in the activity box
The general and locomotor activities of rats recorded 5 min after injection of the venom did not undergo significant changes, but the evaluation performed 1 h after injection showed a significant decrease in general and locomotor activities when compared with the control group (Fig. 2) . Table 1 Frequency of signs of envenomation observed in rats after the injection of different doses of T. obscurus venom. 3.4. Evaluation of the effects of the T. obscurus venom on seizure activity induced in rats by pentylenetetrazol and picrotoxin Injection of T. obscurus scorpion venom showed no signs that would characterize potentiation or blockade of the effects induced by PTX or PTZ in rats (data not shown).
Histological analysis of the hippocampus of rats injected with T. obscurus venom
Analysis of the hippocampal sections (CA1, CA3 and CA4) after injection of T. obscurus venom showed no significant alterations in the number of cells in the regions of the hippocampus analyzed at any of the doses tested when compared to the control group (data not shown).
3.6. Lethality (LD 50 ) and behavioral effects after injection of T. obscurus and T. serrulatus venom in mice T. obscurus venom was lethal in mice. The LD 50 of this venom Rats were injected intraperitoneally with NaCl solution (1 mL/kg) or 10 mg/kg T. obscurus venom 1, 4, 6 and 12 h before removal of the lungs. No statistical difference between groups, p > 0.05. One-way ANOVA followed by Tukey test in 1, 4, and 6 h groups and Student t-test in 12 h group.
Fig. 1. Example of macroscopic morphological changes in pulmonary parenchyma and pleural region of rats injected with T. obscurus venom (A). Representative images of histological sections of lung tissue of rats injected with NaCl solution (1.46%) (B) or T. obscurus venom (10 mg/kg) (C).
Fig. 2.
Total general activity and locomotor activity of rats evaluated 5 min (n ¼ 5) and 1 h (n ¼ 10) after intraperitoneally injection of T. obscurus venom (10 mg/kg) or NaCl solution (1.46%), *p < 0.05, Student t-test. Data expressed as means ± SEM. was 3.13 mg/kg for mice, but the LD 50 obtained for T. serrulatus venom was three times lower (LD 50 ¼ 0.99 mg/kg). The systemic and behavioral effects were dose-dependent for both venoms. Signs such as decreased locomotion, breathing difficulty, piloerection, palpebral ptosis and excessive oral and nasal secretions were induced by T. obscurus venom. In contrast, the envenoming signs observed in animals injected with T. serrulatus venom were more intense and almost immediate. They were characterized by agitation and vocalization immediately after injection, lachrymation, palpebral ptosis, sialorrhea and nasal secretions with blood, breathing difficulty, chewing movements, grooming, spasms (hind limb) and tonic seizures. The last four envenoming signs were recorded only at the highest doses tested. The effects began usually 5 min after injection for T. serrulatus venom and 30 min after injection for T. obscurus venom and persisted for about 3 h for both venoms. However, the respiratory changes persisted for ±6 h.
Edematogenic activity induced by T. obscurus and T. serrulatus venom in mice
The course of paw edema induced by the two venoms was similar and reached a peak 15 min after injection, decreasing after 30 min, although activity persisted for up to 2 h (Fig. 3) . No paw edema was observed 4 and 24 h after injection for both venoms.
Nociceptive activity induced by T. obscurus and T. serrulatus venoms in mice
The nociceptive activity induced by T. obscurus venom was lower and differed from that observed for T. serrulatus venom. T. obscurus venom induced a nociceptive effect at all doses tested. In spite of a maximum effect obtained with 15 mg/30 mL, nociceptive response to this venom was not dose-dependent (Fig. 4) . In contrast, the nociceptive response induced by T. serrulatus venom was immediate and dose-dependent. The maximum effect was obtained with 5 mg/ 30 mL, and above this dose, activity decreased. The appearance of systemic effects with the doses of 10 and 15 mg/30 mL masked the nociceptive effects. These animals showed respiratory changes and prostration at the higher doses.
Discussion
Despite being the main cause of accidents in northern Brazil, the studies available on T. obscurus venom are limited to its epidemiological, biochemical and electrophysiological effects (Batista et al., Fig. 3 . Edematogenic activity of T. obscurus (To) and T. serrulatus (Ts) scorpion venoms (0.2, 1, 5, 10 and 15 mg/30 mL, n ¼ 6). PBS as the negative control (n ¼ 6). Edema evaluation was carried out by measuring the difference in volume (mL) between the injected and non-injected hind paws at different time intervals (plethysmometry). *p < 0.05dstatistically significant difference between the experimental and control (PBS) groups, and #p < 0.05 difference between venoms tested. Two-way ANOVA followed by Tukey test. Data expressed as means ± SEM. and 15 mg/30 mL, n ¼ 6). PBS was used as the negative control (n ¼ 6). Reactivity was expressed as the latency time (in seconds) for animals to lick and/or bite the injected paw during 30 min *p < 0.05dstatistically significant difference between the experimental and control (PBS) groups, and #p < 0.05 significant difference between venoms tested. Two-way ANOVA followed by Tukey test. Data expressed as means ± SEM. , 2002a Pardal et al., 2014) . Our aim in this work was to determine how T. obscurus venom acts in laboratory animals comparing these effects with the symptomatology caused by the venom of T. serrulatus, which is the main cause of scorpion envenomation in Brazil and whose venom is the most studied.
In general, T. obscurus venom had toxicity lower than that of T. serrulatus, but it was able to induce lethal activity in mice and many of the other effects commonly described in scorpion envenoming. The LD 50 for T. obscurus venom obtained only in mice was about three times lower when compared with T. serrulatus scorpion venom. This variability in venom toxicity between Tityus scorpions in mice have been previously described by other authors (Nishikawa et al., 1994; Wagner et al., 2003) . There was no mortality in rats within the range of doses used. It is possible that doses greater than those used in this study could cause mortality in rats.
The effects observed in this study are similar to those described for other scorpions (Freire-Maia and Campos, 1989; Lourenço et al., 2002; Nishikawa et al., 1994; Nunan et al., 2003) . The symptoms and behavioral effects in mice and rats were more intense at the higher doses. On the other hand, envenoming in mice was less severe and non-convulsive, in contrast to what was seen in animals injected with T. serrulatus venom.
According to the literature, the excessive release of neurotransmitters caused by scorpion neurotoxins is specifically able to modify neuronal electrical discharge and cause epileptic signs that characterize seizures (Carvalho et al., 1998; Nencioni et al., 2003 Nencioni et al., , 2009 Ossanai et al., 2012 Ossanai et al., , 2013 . Such alterations may be explained by an imbalance of excitatory and inhibitory activities in the brain, characterized by the release of brain neurotransmitters such as glutamate, glycine and GABA (Nencioni et al., 2003 (Nencioni et al., , 2009 Ossanai et al., 2012) . However, these alterations observed in the action of other Tityus venoms do not seem to occur with T. obscurus venom, at least at the doses used in this study, because it is not able to change convulsive effects in the models used.
The absence of neuronal loss in the hippocampus of rats treated with T. obscurus venom is similar to that observed by Nencioni et al. (2009) after intraperitoneal injection of T. serrulatus or T. bahiensis venom. This fact is in agreement with what is postulated above since the excitotoxic hypothesis postulates that the excessive release of glutamate activates glutamate receptors, thereby, initiating a chain of intracellular events that eventually lead to sustained neuronal damage (Scatton, 1994) .
Several works have demonstrated the presence of toxins that affect specifically sodium or potassium channels in the venom of T. obscurus (Batista et al., 2000 (Batista et al., , 2002a (Batista et al., , 2002b Murgia et al., 2004) . These channels are responsible for several essential functions, such as controlling the potential action of cells, the regulation of neuronal activity, muscular contraction, hormonal secretion, and release of neurotransmitters. Any interference on these channels can affect the normal functioning of the organism. Moreover, according to Guerrero-Vargas et al. (2012) , the interspecific variation of the scorpion venom caused by geographical isolation should be considered in the significant variations of scorpionism symptoms.
Hence, the characteristic shocking-like effect on humans stung by T. obscurus is related to some toxins of the venom that have already been chemically characterized (Batista et al., 2000 (Batista et al., , 2002a (Batista et al., , 2002b Murgia et al., 2004; Borja-Oliveira et al., 2009; Guerrero-Vargas et al., 2012) .
Our results showed that it is not probable that the electric shock-like behavior is related to some convulsive activity. BorjaOliveira et al. (2009) demonstrated that T. obscurus venom contains components that can increase skeletal muscle force by acting directly on the muscle itself, which could explain this effect.
We observed a decrease in general activity of rats in the activity box 1 h after venom injection. At this time, the symptoms of envenomation were at their peak. Thus, it is possible that the decrease observed was due to the systemic effects of the venom.
Some studies show that pulmonary edema, generally the cause of death induced by scorpion venoms, can be the cardiogenic result of the massive release of catecholamines and direct myocardial dysfunction induced by the venoms (Cologna et al., 2009; Gueron and Ilia, 1996; Gueron et al., 1992) . Also, a noncardiogenic effect has been described and related to increased vascular permeability, which accompanies the activation of inflammatory mediators (Cologna et al., 2009; De Matos et al., 1997 Guidine et al., 2008; Petricevich, 2010; Severino et al., 2009) . Despite that T. obscurus venom did not induce pulmonary edema, it was able to cause lung damage characterized by the presence of variable quantities of red blood cells in the parenchyma, indicating hemorrhage. More detailed studies are necessary to find conclusive answers about the effect of this venom on the lung. We observed that breathing disorder was evident and occurred mainly with higher doses. This leads us to believe that increasing the dose beyond that used in this study could result in pulmonary edema.
Paw edema induced by T. obscurus and T. serrulatus venoms in mice was immediate and short lasting . Nascimento Jr. et al. (2005) and Pessini et al. (2008) also reported similar results with intraplantar injection of T. serrulatus venom into the paw of rats, where activity was evident at 15 min after injection and lasted 1 h. Severino et al. (2009) also observed similar results concerning edematogenic activity of scorpion venoms for the family Buthidae (T. serrulatus, T. bahiensis and Rophalurus rochai).
The mechanisms involved in edematogenic response induced by scorpion envenomation in laboratory animals have been investigated (Chen et al., 2001; Nascimento Jr. et al., 2005) . It was observed that intraplantar injection of scorpion venom into the paw of rats result in altered excitability of primary afferent fibers, increased vascular permeability and vasodilation, indicating that the venom may induce the release of inflammatory mediators such as 5-hydroxytryptamine (5-HT), histamine and eicosanoids (Nascimento Jr. et al., 2005) .
According to Severino et al. (2009) , platelet-activating factor (PAF), nitric oxide and neutrophils are involved in local edema induced by T. serrulatus venom. However, the role of nitric oxide in this effect is not well understood. In histological studies. neutrophil infiltration was identified at the site of injection of the venom of T. serrulatus and T. bahiensis. It is known that these cells may contribute to the development of an inflammatory response such as edema and probably are activated by the release of PAF and increased vascular permeability.
The edematogenic activity induced in mice by the venom of the T. obscurus scorpion is probably similar to that of other Tityus species, since both venoms tested in this study induced similar effects in a dose-and time-dependent way, and our data are similar to other findings in the literature.
Intense local pain occurs in human accidents immediately and is persistent (Cologna et al., 2009; Nishikawa et al., 1994; Pardal et al., 2003; Pessini et al., 2008) . Pain occurs in more than 95% of scorpion envenomation cases and may be associated with edema and erythema (Chippaux, 2012) . However, the nociceptive response induced by T. obscurus venom was different from that induced by T. serrulatus venom. The response to T. serrulatus venom was more intense, but the highest dose of this venom induced systemic signs such as prostration, which can explain the decreased nociceptive activity observed in injected mice. Chen et al. (2001 ), Nascimento Jr. et al. (2005 and Pessini et al. (2008) observed nociceptive response in rats after intraplantar injection of T. serrulatus and B. martensi scorpion venoms similar to that induced by T. serrulatus in this study.
Like edema, the nociceptive response also involves the participation of inflammatory mediators such as histamine, eicosanoids, 5-HT, kinins and cytokines, which can activate or sensitize nociceptive fibers (Nascimento Jr. et al., 2005; Pessini et al., 2008) . Nitric oxide is also involved in nociception, and its level was increased in the serum of mice after envenomation by T. serrulatus (Haley et al., 1992; Pessini et al., 2008; Petricevich and Peña, 2002) . Nascimento Jr. et al. (2005) believe that the slow inactivation of Na þ channels and the blockage of voltage-gated K þ channels caused by toxins of T. serrulatus venom occurring quickly in primary afferent nociceptive fibers can contribute to the immediate nociceptive response induced by venoms. The same authors postulate that the high potassium concentration in T. serrulatus scorpion venom may induce direct neuronal activation and nociceptive response as observed in experimental animals or reported by humans. Future investigations are necessary on the mechanisms involving nociception and edema development induced by scorpion envenoming, which is still poorly understood. It is worth mentioning that this work as well as others proposed for T. obscurus venom or its toxins serves to gain a better understanding of the mechanisms related to the pathophysiolgy of T. obscurus envenoming.
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